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Abstract 
We developed an infrared spectroscopic evaluation method of brewed coffee, whose quality and taste highly depend 
on the chemical contents, the interactions between the components, the pH value and the temperature, using a Fourier 
transform infrared (FT-IR) spectrometer equipped with an attenuated total reflection (ATR) accessory. The objective 
of this study is to understand the influences of the pH values and temperature on the spectral features of brewed 
coffee and the main components, since the component balances of the organic acids originating from coffee beans 
and being produced during processes such as roasting and extraction could closely relate to the brewed coffee 
characteristics. The absorption peak sifts of the ATR spectra of brewed coffee were observed as the influences of the 
pH and temperatures. Therefore, by analyzing the spectra of the coffee components under the various pH and 
temperature conditions based on the ionic dissociation equilibrium theory, the spectral behavior of the brewed coffee 
model due to the pH and temperature changes could mainly result from those of the organic acids as the main 
components. Consequently, the infrared spectral information analysis would be acceptable as a new method to 
evaluate a profile of brewed coffee for the quality evaluation relating to the taste and the non-intensive on-line 
monitoring of the coffee process. 
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1.Introduction 
Coffee is one of the most popular foods in the world. A huge amount of brewed coffee is 
manufactured, and very long time has passed since the start of the manufacturing. However, the coffee 
process is empirically controlled based on the information provided by the cup tasters and the 
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manufacturing experts, and the process control could be generally due to the expertise accumulated in 
each coffee manufacturing company. Additionally, brewed coffee is produced through the many 
complicated operations such as roasting, grinding, blending and extraction. So the objective and stable 
method to evaluate the brewed coffee characteristics is desirable for the process control, because the 
brewed coffee is not only the final product but also the gustoish beverage. 
Quality of beverages such as taste highly depends on the chemical components and their interactions. 
The states of the chemical components and their interactions in the beverages such as brewed coffee, 
which contains many kinds of organic acids closely relating to the taste and is taken as hot and iced 
temperature conditions, are significantly influenced by the temperature and pH. The objective quality 
evaluation could relate to the sustainable manufacturing of the high quality products. The quality 
evaluation method should qualitatively and quantitatively sense the above information.  
In order to get a good grasp of the brewed coffee characteristics for the quality evaluation and the 
process control, it is very important that not only the contents of the main components but also their 
molecular structures are nondestructively and simultaneously monitored in real time. The application of 
spectroscopy, especially in mid-infrared (MIR) region, to the above measurement is then desirable as a 
high potential implement [1, 2]. 
The objective of this study is to develop a simple, rapid, accurate and non-chemical method evaluating 
the brewed coffee by MIR spectroscopy. We studied the influences of the pH and temperature on the MIR 
spectral characteristics of the brewed coffee by considering hot and iced brewed coffee and by 
spectroscopically discussing the spectral features of the brewed coffee model composed from the main 
component. 
2.Materials and Methods 
2.1. Materials 
Aqueous solution of the commercial instant coffee was prepared as brewed coffee. Additionally, 
chlorogenic acid, citric acid, quinic acid, trigonelline, caffeine and arabinogalactan were selected as the 
main components in brewed coffee, and their aqueous solution and the mixture were prepared. The 
mixture was used as the brewed coffee model, and their contents are listed in Table 1. 
Table 1. Concentrations of reagents in brewed coffee model. 
Reagents Concentration [mg/100 ml] 
chlorogenic acid 37 
citric acid 20 
quinic acid 46 
ionic dissociative 
components 
trigonelline 10 
caffeine 60 ionic undissociative 
component arabinogalactan 300 
2.2. Methods 
Fig. 1 indicates the scheme of the infrared spectroscopic measurement system [3, 4], which is 
composed from the FT-IR system (Magna-IR 750; Nicolet Instrument Corp.), the cylindrical sample 
container, a water bath and a data logger. The bottom part of the cylindrical sample container was the 
ATR accessory (DuraSampleIR; SensIR Technologies) equipped the FT-IR system, and the cylinder made 
of stainless steel adheres to the top of the ATR accessory. The sidewall of the cylinder is bound with the 
copper tubes, in which the constant temperature water from the water bath is circulating. The temperature 
of the circulating water in the tubes is measured by the K-type thermocouples before entering and after 
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leaving the cylinder part. Furthermore, the tubes on the sidewall of the cylinder are covered with the 
thermal insulator. The top plate attaching the platinum thermo resistances for the temperature 
measurement of the sample is put on the top of the cylinder. 
Sixty-four scans of symmetrical interferograms at 4 cm-1 resolution were added for each spectrum. The 
instrument was allowed to purge for several minutes prior to the acquisition of spectra in order to 
minimize the spectral contribution due to atmospheric water vapor. The ATR spectra were measured at 
283, 298 or 333 K. 
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Fig. 1. Scheme of infrared spectroscopic measurement system 
3.Results and Discussion 
3.1. pH and temperature dependencies on spectral features of brewed coffee 
The influences of the pH and temperature on the second derivative spectral characteristics of brewed 
coffee (the instant coffee aqueous solution) are displayed in Fig. 2. The absorption peak shifts and the 
absorption intensity changes due to the pH and temperature changes are observed. The ionic equilibrium 
conditions of the ionic dissociative materials such as chlorogenic and quinic acids as the main components 
in the brewed coffee could be influenced by the pH value, and could be also changed due to the 
temperature at the same pH value. Additionally, our sensing taste is affected by the temperature. 
Therefore, Fig. 2 indicates the importance to understand spectral behavior due to both the pH and 
temperature changes for the quality evaluation of brewed coffee. 
 
 
 
 
 
 
 
 
 
Fig. 2. Influences of pH and temperature on infrared absorption spectra of brewed coffee 
1135Atsushi Hashimoto et al. / Procedia Food Science 1 (2011) 1132 – 1138
3.2. Influences of pH on spectral characteristics of main components in brewed coffee 
We studied the spectral behavior of each ionic dissociative material to understand the results shown in 
Fig. 2. Fig. 3 indicates the molar second derivative spectra of citric acid in the aqueous solution with 
different pH at 283 K. The spectra were highly dependent on the pH value of the aqueous solutions, 
especially around the peaks characterizing citric acid. 
 
1800 1700 1600 1500 1400 1300 1200 1100 1000
-10
-5
0
5
10
-15
× 10-4
 
 
S
ec
on
d 
de
riv
at
iv
e 
of
 m
ol
ar
 a
bs
or
ba
nc
e,
(d
2 A
bs
/d
Q2
)/C
Wavenumber, Q [cm-1]
 pH2.20
 pH2.39
 pH3.09
 pH3.80
 pH4.80
 pH5.02
 pH5.81
 pH6.22
 pH8.52
 
Fig. 3. Influence of pH on second derivative spectra of molar absorbance of citric acid at 283 K 
We assumed that the spectrum of the ionic species could not be affected by the hydrogen ion 
concentration and that the spectral additivity for the ionic species was satisfied. The second derivative 
spectrum could be decomposed by the second derivative spectra of the ionic species [5, 6]. 
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Here, d2Abs (v, pH, T)/dv2 is the second derivation of the absorbance of the ionic dissociative material 
such as the citric acid. v i and T respectively represent the wavenumber, ionic charge and temperature. 
d2Absi (v, T)/ d v2 denotes the second derivative of the molar absorbance of the ionic specie, and Ci(pH, 
pK(T)) is the molar concentration of the ionic specie, and pK(T) is the ionic dissociation constant at the 
temperature of T. Then, according to the ionic dissociation equilibrium, Ci(pH, pK(T)) can be expressed 
as a function of pH and temperature, and the concentration of the dissociative material with the 
parameters of the dissociation constants. 
In order to extract the molar second derivative spectra of the ionic dissociation species for each reagent 
from those of the dissociative materials in the aqueous solutions, we performed multiple linear regression 
(MLR) analysis between the second derivative spectrum of absorbance d2Abs (v, pH, T)/dv2 at each 
wavenumber and the concentration of the dissociative specie, Ci (pH, pK(T)). Fig. 4 shows the second 
derivative spectra for the four dissociation species of citric acid: CA, CA-, CA2- and CA3-, which only 
the ionic species dominate in the range of pH concerned. As shown in Fig. 4, the spectra of the ionic 
dissociation species for the same dissociative material are different from each other. In addition, the 
spectral patterns for each ionic specie slightly changed due to temperature (data not shown). These results 
suggested necessity that the infrared absorption spectra of the main ionic dissociation species composed 
of brewed coffee should be treated as the functions of pH and temperature. 
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Fig. 4. Spectra of ionic dissociation components of citric acid at 283K 
By adding the extracted spectra of the dissociation species under the assumption of the dissociation 
equilibrium according to pH at the specified temperature, we could also calculate the spectrum of the 
dissociative materials. The spectral additivity for dissociation components was experimentally acceptable 
for each dissociative material. 
3.3. pH and temperature dependencies on spectral features of coffee model 
In order to study spectral behavior of brewed coffee, the spectra theoretically calculated based on the 
spectral additivity and the ionic dissociation equilibrium conditions were compared with measured ones 
under several pH and temperature conditions. The second derivative spectra of the coffee model 
composed of the main components could be expressed by Eq.(2) at temperature T as the sum of the 
spectra of the main components listed in Table 1. 
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Fig. 5 indicates influences of temperature of the infrared absorption spectra of brewed coffee at pH 4.7, 
and they are also compared with the measured and calculated spectra of the brewed coffee model. Both 
the measured and calculated spectra of the brewed coffee model represented the similar tendencies of the 
spectral shifts due to temperature change to those of the actual brewed coffee. Additionally, the calculated 
spectral features of the brewed coffee model consistently agreed with the measured ones. Therefore, the 
results shown Fig. 5 suggests that the spectral characteristics of brewed coffee could be analyzed by 
studying the spectral behavior of the brewed coffee model. 
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Fig. 5. Influences of temperature on spectra of brewed coffee, coffee model and calculation results at pH 4.7 
Fig. 6 shows influences of the simultaneous changes of the temperature and pH on the experimental 
and calculated infrared absorption spectra of the brewed coffee model. The calculated spectra represented 
the infrared absorption peaks characterizing the brewed coffee model as well as the measured ones. 
Additionally, the peak shifts due to the temperature and pH changes of the brewed coffee model of the 
calculated spectra consistently agree with the experimental ones. Therefore, Figs. 5 and 6 suggest that the 
spectral analyzing method of the brewed coffee model developed in this study could be acceptable to 
spectroscopically understand the quality in consideration of the temperature and pH. 
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Fig. 6. Influence of pH and temperature on actual and calculated second derivative spectra of brewed coffee model 
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4.Conclusion 
The infrared spectroscopic evaluation method of brewed coffee using the FT-IR/ATR method was 
developed based on the ionic dissociation theory on the main components of brewed coffee. The spectral 
behavior of brewed coffee due to pH and temperature changes could be spectroscopically and 
quantitatively explained. The experimental and simulation results suggest that the MIR spectral 
information analysis would be acceptable as a new method to evaluate a profile of brewed coffee taken at 
hot and iced temperature conditions. This study is an important step in the developments of the quality 
and taste of brewed coffee based on the MIR fingerprint spectra, which include the information of the 
chemical components and the interactions in brewed coffee, and of the non-intensive on-line monitoring 
of the brewed coffee production process. 
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